The biatrial approach has been the classic means of access for left atrial myxoma resection. Increased surgical experience led cardiac surgeons to favour the uniatrial approach to reduce incisions and achieve adequate exposure. In this study, two unilateral surgical approaches were compared in 18 consecutive left atrial myxoma cases. Patients were divided into two groups according to the surgical approach: left atriotomy (group 1, n = 9) and right atriotomy trans-septal approach (group 2, n = 9). Comparison criteria included pre-and post-operative functional capacity, cardiac rhythm, left ventricular ejection fraction, pulmonary artery pressure, left atrial dimensions, cardiopulmonary bypass time, aortic cross-clamp time, drainage over 48 h postoperatively, units of blood transfused, extubation time and length of stay in the intensive care unit and hospital. No significant between-group difference was observed in any criteria except aortic cross-clamp time, which was significantly longer in group 2 than in group 1. No recurrence of myxoma occurred in either group for the 15 patients followed up. Right atrial trans-septal incision appears to be as safe and effective as the left atriotomy approach for left atrial myxoma resection.
Introduction
Primary tumours of the heart are rare, with an incidence between 0.0017% and 0.19% in unselected patients at autopsy. 1 Of these tumours, 75% are benign and 50% of benign heart tumours are myxomas; the majority of the remaining tumours are lipomas, papillary fibro-elastomas and rhabdomyomas. 1 Most myxomas occur in the left atrium and usually arise from the region of the limbus of the fossa ovalis. Myxomas are generally polypoid, often pedunculated, rarely sessile and are round or oval with a smooth or gently lobulated surface. 2 Around 95% of myxomas are sporadic tumours whilst their familial types are more often multiple and more prone to recurrence. 3 Familial myxomas should, therefore, be aggressively treated whereas single non-familial myxomas can simply be excised. 3 -5 Surgical excisions of cardiac Left versus right atriotomy for left atrial myxoma myxomas should be performed as soon as possible following diagnosis due to the high risk of valvular obstruction or systemic embolization. 6 -8 The surgical approach adopted usually depends on the localization and the size of tumour, the preference and experience of the surgeon, the presence of concomitant cardiac diseases and the genetic nature of the tumour. Early biatrial incision was accepted as the classical approach; however, numerous surgeons have noted that a uniatrial incision is adequate to achieve similar outcomes. 9 -13 The aim of the present study was to review and compare the two different surgical approaches, left atriotomy (LA) or right atriotomy trans-septal incision (RATS), in cases of left atrial myxoma.
Patients and methods

PATIENTS
In this retrospective study, consecutive cases who had undergone open heart surgery at the Department of Cardiovascular Surgery, Institute of Cardiology, Istanbul University, Turkey, between 1985 and 2008, were reviewed. The study protocol was approved by the Ethics Committee of Cerrahpaşa Faculty of Medicine, Istanbul University. As this was a retrospective study involving routine cardiac surgical procedures informed patient consent was not required, however approval for screening of patient files was obtained from the Ethics Committee.
The incidence of cardiac myxomas was calculated and symptoms at admission were recorded. Myxoma diagnosis was made by transthoracic echocardiography in all patients. Coronary angiography was planned in patients > 40 years of age or in those suspected of having ischaemic heart disease. A diagnosis of myxoma was accepted as an indication for surgery because of the risk of systemic embolization and cardiac obstruction. Data analysis in this study involved only those patients with left atrial myxoma.
STUDY PROCEDURES AND ASSESSMENTS
All patients' pre-operative data, perfusion charts and operative reports were analysed retrospectively. The patients were divided into two groups according to the surgical approach used: in group 1, the myxoma had been resected via LA; and in group 2, the myxoma had been resected using a RATS approach.
Parameters that were compared between the two groups included: pre-and postoperative functional capacity according to the New York Health Association (NYHA) classification, 14 
SURGICAL TECHNIQUE
All patients were operated on by median sternotomy and under CPB with aortobicaval cannulation and mild hypothermia. Potassium-enriched blood cardioplegia was delivered in antegrade manner. Special attention was taken to avoid cardiac manipulation before aortic cross-clamp in order to prevent tumour fragmentation and systemic embolization.
STATISTICAL ANALYSIS
The mean ± SD of the data were calculated and statistical analysis was performed using the SPSS ® statistical package, version 11.0 Left versus right atriotomy for left atrial myxoma (SPSS Inc., Chicago, IL, USA) for Windows ® . The suitability of continuous variables to normal distribution was tested by the Kolmogorov-Smirnov test and data were analysed using the Student's t-test (parametric data) or Mann-Whitney U-test (non-parametric data). Discrete variables were analysed using the χ 2 -test. The Bonferroni test was performed as a post hoc test. A P-value < 0.05 was considered to be statistically significant.
Results
In this study, 9987 consecutive cases of open heart surgery performed at the Department of Cardiovascular Surgery, Institute of Cardiology, Istanbul University between 1985 and 2008 were retrospectively reviewed. The incidence of cardiac myxomas was 0.27% (27/9987 patients) over these 23 years and occurred in the left atrium in 85.1% of cases (23/27 patients). Two of the 23 patients with left atrial myxoma were excluded from the analysis because of concomitant cardiac procedures (coronary artery bypass grafting in one patient and mitral valve repair in the other) and another three were excluded because the biatrial approach had been used. For the remaining 18 patients, the majority were female (14/18; 77.8%), the mean ± SD age was 46.33 ± 15.43 years and symptoms at admission were shortness of breath in 12 patients (66.7%), fatigue and exercise intolerance in 11 patients (61.1%), and palpitations in nine patients (50.0%); two patients were asymptomatic.
In terms of the surgical approach, the myxoma was resected via LA in nine patients (group 1) and via RATS in the other nine patients (group 2), and details of the Table 1 . There was no significant difference between the groups in mean age, gender distribution, or pre-and post-left ventricular ejection fraction. There was also no significant difference between the two groups in mean CPB time, 48-h postoperative drainage, the number of blood transfusion units used, extubation time, or length of stay in the intensive care unit and hospital. Patients' mean post-operative functional capacity (NYHA classification) was significantly improved (i.e. significantly lower) compared with pre-operative functional capacity in both group 1 (P = 0.025) and group 2 (P = 0.020), with no statistically significant difference between the groups. As predicted, post-operative pulmonary artery pressure was dramatically decreased compared with the pre-operative pulmonary artery pressure in both group 1 (P < 0.001) and group 2 (P < 0.001), with no statistically significant difference between the two groups. Mean aortic cross-clamp time was significantly shorter in group 1 compared with group 2 (P = 0.024). Atrial fibrillation occurred pre-operatively in two patients in group 1 and three in group 2, and mild tricuspid valve regurgitation was present in five (three in group 1 and two in group 2) of the 18 patients. After surgery, atrial fibrillation (arrhythmia) occurred in three patients in group 1 and four patients in group 2. Two of these three patients in group 1 returned to sinusoidal rhythm with medical cardioversion, the remaining patient had been in atrial fibrillation preoperatively. In group 2, two of the four patients with post-operative atrial fibrillation returned to normal sinus rhythm with medical cardioversion; the remaining two had been in atrial fibrillation preoperatively. No intervention was performed for mild tricuspid regurgitation for any of the patients. No deaths occurred in either group.
Extensive resection was performed in all patients to avoid recurrence of myxoma. The inter-atrial septum was excised attached to the base of the tumour in only one patient in group 1 and this was repaired immediately. Interatrial septum resection was performed in all patients in group 2, for which pericardial patch repair was carried out in six patients, while primary repair sufficed in the remaining three cases. No operative complication was observed in either group. Adequate exposure for complete resection of the tumour was achieved by both approaches.
Myxoma diagnosis was confirmed postoperatively by histopathology in all 18 of the patients. It was broad-based in five patients (27.7%) and pedunculated in 13 patients (72.3%). Macroscopic appearance was polypoid in 15 (83.3%) but solid in three (16.7%) patients. Mean length of the tumour was 40.0 ± 8.1 mm in group 1 and 41.0 ± 5.7 mm in group 2, and was not significantly different between the two groups. No intervention was performed for mild tricuspid regurgitation for any of the patients. No deaths occurred in either group Routine post-operative outpatient followup appointments were performed in 15 out of the 18 patients; three patients (one in group 1 and two in group 2) did not attend their follow-up appointments and could not be contacted despite best efforts. Mean ± SD follow-up time was 46.4 ± 26.8 months (range 8 -84 months). There was no recurrence of myxoma in either group for the 15 patients.
Discussion
In 1955, Crafoord reported the first successful excision of a left atrial myxoma using temporary CPB. 15 Brock reported his first successful trans-septal myxoma resection case in 1956. 16 Since then, numerous authors Left versus right atriotomy for left atrial myxoma have described different approaches for complete tumour excision. The surgical approach for atrial myxomas should: (i) allow minimal manipulation of the tumour, (ii) provide adequate exposure for complete resection of the tumour, (iii) allow inspection of all four heart chambers, (iv) minimize recurrence, and (v) be safe and efficacious. 17 Generally accepted routes of access to left atrial myxomas are the biatrial, LA and RATS approaches. Stevens et al. 18 compared the uniatrial and biatrial approaches based on procedural time, blood loss, transfusion requirement, length of stay in the cardiovascular intensive care unit and hospital, post-operative functional class, arrhythmias, pericardial effusion, recurrence and survival. Results from that study demonstrated decreased CPB and crossclamp times in favour of the atrial versus biatrial approaches, but no statistically significant differences were observed for any other parameter. 18 The aim of the present study was to compare the LA and RATS approaches for left atrial myxoma resection according to pre-and post-operative clinical charateristics. Significant clinical postoperative recovery was observed in all patients; post-operative functional capacity was significantly improved compared with pre-operative functional capacity in both groups. Left ventricular ejection fractions were increased (though not statistically significantly) in both groups as predicted and, surprisingly, this augmentation was slightly higher in patients in group 1. CPB time was higher in group 2 (not statistically significant) and a statistically significant difference was observed in the aortic crossclamp times between the two groups. This was probably the result of the creation of iatrogenic atrial septal defects during the surgical procedure that needed to be repaired in all of the patients in group 2, but in only one patient in group 1. The mean crossclamp time across both groups was 41.22 ± 10.60 min, which was similar to the findings of Stevens et al. 18 (41 ± 19 min) . The present study demonstrated similar results in the two study groups in terms of blood losses, transfusion requirement, extubation time, length of stay in the intensive care unit and hospital, post-operative arrhythmias and inhospital mortality. In our experience, excellent exposure was achieved using the RATS approach in all surgical cases, emphasizing that right atriotomy can provide maximal visibility of all cardiac chambers with minimal manipulation, particularly in those patients with a small left atrium.
Numerous studies have compared right and left atriotomy for mitral valve surgery. 19 -21 In these studies, surgeons usually focused on post-operative arrhythmias and surgical exposure of the mitral valve. Guiraudon et al. 21 noted a higher incidence of arrhythmias in a trans-septal mitral valve surgery group compared to a conventional LA group. Similarly, Kumar et al. 20 reported a higher junctional rhythm incidence using a transseptal approach to the mitral valve. No patient in any of these studies required a permanent pacemaker insertion. No significant difference in the occurrence of atrial fibrillation was observed between the groups in the present study; however, the sample size was small and larger studies are required to confirm these findings.
In conclusion, the RATS approach appears to be as safe and effective as the LA approach for the surgical excision of left atrial myxomas, particularly in the era of advanced cardiac imaging.
